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Abstract This study describes ultrastructural alterations
in the basement membrane (BM) of rat bladder with
invasive transitional cell carcinoma (TCC) induced by
N-butyl-N-(4-hydroxybutyl)nitrosamine. Various altera-
tions including thickening, degradation and neosynthesis
were found in the bladder BM of one rat with invasive
TCC. Focal destruction of both the BM lamina zones was
found in addition to partially degraded BMs showing focal
degradation and loss of only the BM lamina rara. Neosyn-
thesis of complete BM including the lamina rara and
lamina densa was observed surrounding the nests of
carcinoma cells deep in the stroma, while neosynthesis of
incomplete BM including only a lamina densa-like struc-
ture was also found around carcinoma cells which had just
crossed the BM into the adjacent stroma from the original
tumor masses. There was an increased hemidesmosomal
frequency in some areas of thickened BM, and focal loss of
hemidesmosome in the areas of degraded BM. It is
suggested that BM degradation may take place in two
steps, and that BM neosynthesis may also be a two-step
process in invasive TCC of rat bladder.
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Basement membrane (BM) comprises a ubiquitous extra-
cellular matrix found at the boundary of the epithelial cells
and connective tissue stroma. At the level of pathological
anatomy, the BM can be understood as the structural
barrier to the invasion and metastatic behavior of malig-
nant cells. Tumor invasion can be defined as the active
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migration of neoplastic cells out of their tissue of origin
and into different types of adjacent tissue. During the
transition from in situ to invasive carcinoma, tumor cells
penetrate the epithelial BM and enter the underlying
interstitial stroma [17]. As a general feature of all types
of carcinoma [1], defects in the BM are associated with
the tumor invasion [15]. Although the loss of BM in
invasive carcinoma has received much attention, several
ultrastructural studies have demonstrated tumor in-
vasion in the presence of an essentially complete BM [5,
8] and a thickened BM [6]. N-Butyl-N-(4-hydroxybutyl)-
nitrosamine (BBN) has been proved to be an effective
organ-specific carcinogen on urinary bladder of rat, and
is widely used in the study of bladder tumor in animal
models {13, 14]. This study reports various changes in
the BM of rat bladder with invasive TCC induced by
administration of BBN for 28 weeks using transmission
electron microscopy {TEM).

Materials and methods

Twenty male Wistar rats (Kurea, Osaka, Japan), 7 weeks of age at
the start of the experiment were divided into a BBN group
(15 rats) and a control group (5 rats). Rats were housed three to a
polycarbonate cage, placed in an environmentally controlled room
illuminated for 12h/day. BBN (Kasei, Tokyo, Japan) was admin-
istered at 0.05% in drinking water for 28 weeks in the BBN group.
All 15 rats in the BBN group and the 5 rats in the control group
were put to death 28 weeks from the start of the experiment. The
specimens of rat bladder obtained were examined by light mi-
croscopy and TEM, respectively. For light microscopy one part of
the bladder was placed in 10% formalin and processed for paraf-
fin embedding. Each paraffin block was step-sectioned and stained
with hematoxylin and eosin. Multiple sections of each bladder
were examined. For TEM observation the specimens were cut into
4x4x4-mm blocks and fixed with 2.5% glutaraldehyde for 4h at
room temperature. Following a phosphate buffer wash, the speci-
mens were post-fixed in 1% osmic acid for 2 h, then dehydrated in
graded ethanols, treated with propylene oxide and embedded in
Epon 812. Ultrathin sections were cut on a LKB ultramicrotome
with a diamond knife and examined with a Hitachi JEM-1200 EX
TEM.
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Fig.1 The BM is smoothly arranged at the junction of the basal
epithelia and interstitial stroma. Two distinct BM zones, the
lamina rara and the lamina densa, are of the same thickness (—).
The hemidesmosomes are also observed on the plasma membrane
of basal cells. Control group, 28 weeks, TEM, x20000

Fig.2 Focal thickening in the BM (—) of rat bladder with invasive
TCC. The lamina rara is thickened to the same extent as the
lamina densa. BBN group, 28 weeks, TEM, x 15000

Fig.3 Focal destruction is observed in the BM of rat bladder with
invasive TCC. Both BM lamina zones are degraded (—). BBN
group, 28 weeks, TEM, x8000

Fig.4 Partially degraded BM and focal degradation of the lamina
rara in the BM (=) of rat bladder with invasive TCC. An increased
hemidesmosomal frequency is observed in the thickened BM area.
BBN group, 28 weeks, TEM, x 5000

Fig.5 Partiaily degraded BM, showing focal loss of only the BM
lamina rara, is found in the BM of rat bladder with invasive TCC.
The carcinoma cells are covered only by the BM lamina densa (—).
BBN group, 28 weeks, TEM, x6000

Fig.6 Neosynthesis of incomplete BM with only a lamina densa-
like structure (=) is found surrounding the tumor cells which have
just crossed the BM into the stroma from the original tumor
masses. BBN group, 28 weeks, TEM, X3000

Results
Light microscopic findings

In the control group the rat bladder epithelium appeared
normal in all five rats. In the BBN group invasive TCC of
the bladder was observed in all 15 rats. The bladder tumor
had focally invaded into the muscle layers, but had not
gone beyond the rat bladder wall.



Fig.7 Higher magnification of
Fig. 6, x8000

Fig.8 Neosynthesis of com-
plete BM including both BM
lamina zones (—) around the
nests of tumor cells deep in the
stroma. BBN group, 28 weeks,
TEM, x3000

TEM findings

In the control group the continuous BM was smoothly
arranged at the junction of the basal epithelia and
interstitial stroma. The lamina rara and lamina densa, the
two distinct zones of the BM, were of the same thickness
(Fig. 1). The hemidesmosomes connecting the basal cells
to the BM were observed on the plasma membrane of
basal cells adjacent to the BM. In the BBN group various
alterations were observed in the BM of rat bladder with
invasive TCC.

Focal thickening and loss in the BM

Focal thickening and loss in the BM were observed in all
15 rats with invasive TCC. Both thickened and degraded
BM could be observed just in one rat bladder, although in
different parts. In the area of thickened BM the lamina
rara was thickened to the same extent as the lamina densa
(Fig. 2). In the areas of degraded BM, focal destruction of
the two BM lamina zones was found as well as focal
degradation and loss of only the BM lamina rara. With
focal destruction there was no BM at the junction of the
tumor cells and the adjacent stroma (Fig. 3). With focal
degradation the BM was partially degraded, with only the
lamina densa remaining at the junction of the tumor cells
and the adjacent stroma (Figs. 4, 5).

Neosynthesis of BM components
Neosynthesis of BM components was found surrounding

the carcinoma cell islets invading the interstitial stroma.
Formation of an incomplete BM of only a lamina densa-
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like structure was found surrounding the carcinoma cells
which had just crossed the BM into the adjacent stroma
from the original tumor masses (Figs.6, 7), while the
formation of complete BM including both the lamina rara
and lamina densa was also found around the nests of
carcinoma cells deep in the interstitial stroma (Fig. 8).

Alterations in hemidesmosomal frequency

Focal loss of hemidesmosome was accompanied by tumor
invasion and BM degradation (Fig.3). An increased
hemidesmosomal frequency was observed in some areas of
thickened BM (Fig. 4).

Discussion

With its function of separating the epithelial and other
cells from the surrounding stroma, the BM presents an
obstacle for invading tumor cells [1]. Consequently the
process of tumor invasion and metastasis is characterized
by loss of BM. This loss and destruction of BM is accom-
panied by an increased release of proteolytic enzymes that
digest BM and decreased formation of BM [17]. It is
believed that the tumor cells directly secrete degradative
enzymes or induce the host to produce proteolytic en-
zymes to degrade the BM [15]. Consequently, at the point
of invasion the BM is usually discontinuous [4, 12]. The
results of this study also show that tumor invasion is
accompanied by BM degradation in invasive TCC of rat
bladder induced by the administration of BBN.

Some authors have reported that focal defects in the
continuity of the BM lamina densa can be found in in situ
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Fig.9a-c The two steps of BM degradation. a Thickened BM of rat
bladder with invasive TCC. b Partially degraded BM, representing
focal loss of only the BM lamina rara. ¢ Focal loss of both BM lamina
zones

carcinoma lesions, and that these defects can be regarded
as the earliest stages of progression to invasive carcinoma
{17]. However, it is worth noting that in our study both
destruction of two BM distinct zones and degradation of
only BM lamina rara were observed, indicating that the
degradation of lamina rara may occur earlier than the
degradation of lamina densa in the process of tumor
invasion. Based on these findings, it is suggested that the
degradative process of BM in the invasive TCC of rat
bladder may be in two steps, and the loss of the BM lamina
rara may be regarded as the first step of BM degradation
(Fig. 9). It is also indicated that the loss of the lamina rara
may be induced by an increased release of degradative
enzymes directly secreted from the carcinoma cells on the
lamina rara while the loss of the lamina densa may be due
to an increased release of proteolytic enzymes secreted
both by the carcinoma cells and by mesenchymal celis. Of
course, decreased synthesis of BM components also plays
an important role in the degradation of the BM lamina
rara and lamina densa.

The epithelial cells not only degrade, but also produce,
their own BM and may continue doing so after malignant
transformation [16]. Previous studies also reported several
continuous BMs and thickened BMs in invasive carcino-
ma [5, 6, 8]. It is well known that one of the major
characteristics of invasive carcinoma is its behavior of
invasion and metastasis, but it is also crucial to remember
that the invasive tumor cells are characterized by the
highest cellular metabolic activity. Thus, the invasive
tumor cells may release large amounts of secretory
product of cellular metabolism that are believed to be the
necessary components of a BM. In this study focal
thickening in the BM of rat bladder with invasive TCC was
frequently observed, and the lamina rara was thickened to
the same extent as the lamina densa. It is suggested that the
thickened BM in invasive TCC of rat bladder may result
from increased synthesis of BM components, and the
occurrence of thickened BM in invasive carcinoma can be
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Fig.10a,b The two steps of BM neosynthesis. a Formation of
incomplete BM with only a lamina densa-line structure surrounding
the carcinoma cells which have just crossed the BM into the adjacent
stroma from the original tumor masses. b Formation of complete
BM including both BM lamina zones around the nests of carcinoma
cells deep in the interstitial stroma

expected, whether degradation and loss in the BM can be
found or not.

In previous studies, neosynthesis of BM components
was found surrounding the tumor cell islets in cases of
invasion[9, 10]. On the other hand, some authors reported
that normal epithelial and benign tumor cells may require
a BM for attachment and growth [20]; in contrast the
invasive tumor cells may not have this requirement (1]. In
the present study neosynthesis of complete BM was found
around the nests of carcinoma cells deep in the stroma,
while neosynthesis of incomplete BM including only the
lamina densa-like structure was also found surrounding
the carcinoma cells which had just crossed the BM into the
adjacent stroma from the original tumor masses. It means
that formation of the lamina densa may occur earlier than
formation of the lamina rara in neosynthesis of BM. These
findings suggest that neosynthesis of BM in the invasive
TCC of rat bladder may also be in two steps (Fig. 10), and
neosynthesis of the BM lamina rara may be carried out by
carcinoma cells on the lamina rara, while neosynthesis of
the BM lamina densa may be carried out both by
carcinoma cells and by mesenchymal cells. The difference
in localization between complete BM and incomplete BM
may be explained as follows:

1. Before penetrating the BM and into the adjacent
stroma, the carcinoma cells must dissolve and destroy the
BM. It therefore appears logical that the carcinoma cells
cannot possess a complete BM when they have just crossed
the BM into the adjacent stroma from the original tumor
masses.

2. The carcinoma cells that have invaded the stroma may
require a complete BM for attachment and growth. This
requirement has resulted in the formation of a complete
BM around the tumor cell islets deep in the stroma due to
an increased secretion of BM components both by carci-
noma cells and by mesenchymal cells.



In the present study, although the ultrastructural observa-
tions showed various alterations, including thickening,
degradation and neosynthesis as mentioned above, in the
BM of rat bladder in a similar case, the histological
findings displayed invasive TCC of bladder in all 15 rats
following the administration of BBN for 28 weeks. The
reason for this phenomenon may be the dual properties
shown by the carcinoma cells. One property is to degrade
and penetrate through the BM into the adjacent stroma
tissues through an increased release of degradative en-
zymes. The other property is to synthesize the BM by
means of increased secretion of the BM components. Of
course, the mesenchymal cells may play the major role in
both the degradation and neosynthesis of BM.

The function of the hemidesmosomes is thought to be
adhesion between the epithelial cells and their basal
Jamina. In previous studies many authors have reported
decreased hemidesmosomal frequency in the malignant
lesions [11, 18, 19]. The decreased number of hemidesmo-
somes may result from failure of hemidesmosomal forma-
tion or from increased hemidesmosomal degradation [19].
In this study the focal loss of hemidesmosomes was
accompanied by BM degradation, while and increased
hemidesmosomal frequency could be found in some areas
of thickened BM. Based on these findings it is suggested
that focal loss of hemidesmosomes may result from
increased hemidesmosomal degradation in the invasive
TCC. The increased hemidesmosomal frequency in the
thickened BM area may be considered the result of
increased hemidesmosomal formation, because hemides-
mosome frequency is positively correlated with cell pro-
liferation [7]. It has been reported that the reductions in
hemidesmosomal frequency could reflect an increased
mobility of basal epithelial cells and a decreased adherence
of basal cells to the adjacent basal lamina [19]. Thus,
tumor-invasive processes may also be characterized by
hemidesmosomal degradation.
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